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Accurate memory for colour but not pattern contrast in chicks
Daniel Osorio*, Carl D. Jones* and Misha Vorobyev†
The visual displays of animals and plants often look
dramatic and colourful to us, but what information do
they convey to their intended, non-human, audience
[1,2]? One possibility is that stimulus values are judged
accurately — so, for example, a female might choose a
suitor if he displays a specific colour [3]. Alternatively,
as for human advertising, displays may attract attention
without giving information, perhaps by exploiting
innate preferences for bright colours or symmetry
[2,4,5]. To address this issue experimentally, we
investigated chicks’ memories of visual patterns. Food
was placed in patterned paper containers which, like
seed pods or insect prey, must be manipulated to
extract food and their patterns learnt. To establish what
was learnt, birds were tested on familiar stimuli and on
alternative stimuli of differing colour or contrast. For
colour, birds selected the trained stimulus; for contrast,
they preferred high contrast patterns over the familiar.
These differing responses to colour and contrast show
how separate components of display patterns could
serve different roles, with colour being judged
accurately whereas pattern contrast attracts attention.
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Results
Chicks were trained to find food crumbs in containers
covered with a random pattern of grey and coloured tiles
(see Materials and methods for details). Colours were
chosen to give specified responses in the chicks’ short
(blue), medium (green) and long (red) wavelength sensi-
tive photoreceptors (Figures 1 and 2b,c) [6,7]. After train-
ing for twenty or thirty minutes and a break of at least two
hours, chicks were tested with empty containers as stimuli.
Some test stimuli were of the familiar pattern; others were
novel. Preferences were given by the number of pecks
made on each type of pattern during a two minute test.
In Experiment 1 (Figure 2d), chicks were trained to an
orange reward colour T (Figure 2a) with no unrewarded
alternative, and were tested with four stimuli (Figure 2c):
T, two colours similar to T — one redder (R2), the other yel-
lower (Y2) — and a green (G). T was chosen at least three
times more often than the alternatives (Figure 2d), demon-
strating that a colour is learnt without differential training.
Experiment 2 confirmed the fidelity of colour memory, for
a wider range of alternatives, and used differential train-
ing. Chicks were trained and tested repeatedly over three
days. Training was to colour T against an unrewarded
green (G). Tests presented T and G plus a pair of yellower
and redder test colours equally distinct from T: R1 and Y1;
R2 and Y2; or R3 and Y3 (Figure 2c). T was preferred to all
alternatives (Figure 2e). The alternatives were not always
treated equally [4], however, with Y2 preferred to R2 —
the reason for this bias is not clear. The chicks also chose
accurately when test stimuli — Sa and Sb — differed from
T only in the proportion of grey (that is, in saturation or in
purity; Figure 2c,f). These results do not reflect an innate
preference for the orange training colour, T, as chicks have
similar fidelity to a blue that is complementary to T
(unpublished observations).
Experiment 3 tested pattern contrast rather than colour,
revealing a bias towards high contrast over familiar pat-
terns. Stimuli contained coloured elements of a fixed
intensity, whereas the greys took one or two intensities
(Figure 3a). In training, chicks encountered rewarded
and unrewarded colours (as for Experiment 2), with the
contrast between light and dark greys fixed at 0.3. In
tests, birds encountered three types of stimuli of the
Figure 1
Spectral sensitivities of chick cone photoreceptors. Plots are based on
microspectrophotometric data [6] fitted with a nomogram for rhodopsin
absorption [12], and taking account of filtering by oil droplets and
ocular media. The four single cones, called long (L), medium (M), short
(S) and ultraviolet (UV) wavelength sensitive [7], probably contribute to
colour vision [10], whereas double (D) cones may serve luminance
vision [11]. Here, the UV response was disregarded, because for the
stimuli used UV and S cone responses correlated closely.
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rewarded colour: one ‘dull’ with a uniform grey ground
(contrast 0), the training stimuli (contrast 0.3), and
higher-contrast stimuli (contrast 0.8); the unrewarded
training stimuli were also present. The experiment was
repeated with two pairs of training colours: T versus a
blue, and Y1 versus A (Figure 2c). In both cases, chicks
preferred the high contrast pattern (Figure 3b) over the
training stimulus, and the low contrast pattern was virtu-
ally ignored. Thus, high contrasts draw attention to 
the stimulus.
Discussion
When a bird sees an object, the stimulus must first 
be noticed; the bird then decides how to respond and
may learn from the consequences of this action. This
study of how domestic chicks generalise from familiar to
novel visual cues indicates that different aspects of a
stimulus pattern serve separate roles in foraging behav-
iour: visual contrast attracts attention (Figure 3), whereas
some colours, at least, are remembered accurately
(Figure 2). 
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Experiments on colour. (a) Example of a pattern used for Experiments
1 and 2, with the rewarded colour T — see (c) — illustrated. An average
of 30% of the tiles were coloured, the others being grey; their
intensities varied randomly with a contrast range of 0.3 (see Materials
and methods). (b) A colour triangle with vertices corresponding to
excitation of chicken L, M and S cones [6]. The monochromatic locus
is labelled from 500 nm to 600 nm (with crosses at 10 nm intervals).
Axes are given by:
For further details, see Materials and methods. (c) An enlargement of
the shaded area from (b) showing loci and approximate colours (at
mean intensity) of stimuli used in Experiments 1 and 2. Colours (apart
from G) lie along two lines in the colour triangle that intersect at the
training colour, T. The line Y1—T—R1 is roughly parallel to the
monochromatic locus about 580 nm in (b), whereas the line through
the achromatic point (A) and the training colour (T) gives colours of
fixed hue and varying saturation. (d–f) Choice frequencies for stimuli
varying in colour, all showing fidelity to the familiar stimulus (T).
Abscissas give the separations of test stimuli from the rewarded colour
T in the receptor space (b,c). Plots show choice frequencies
normalised to that for T in two tests. Error bars give 95% limits (Fisher
exact test) for the combined data from four (d) or five (e,f) pairs of
chicks (see Materials and methods). (d) Choice frequencies for
Experiment 1, following training with no unrewarded stimulus. The
initial test (solid line) followed three training sessions, whereas three
further tests (dotted line, error bars omitted) alternated with training.
(e) Choice frequencies in Experiment 2, for colours varying along the
line Y1—T—R1 (c), after training to T (rewarded) versus G (unrewarded).
Each test included four colours: T, G and two others — Y1 and R1; Y2
and R2; or Y3 and R3. For T, the error bar is for the test against Y3 and
R3. (f) Choice frequencies in Experiment 2, for colours varying in
saturation — that is, along line A–T (c). Each test included G, T and
less (Sa) or more (Sb) saturated colours of the same hue as T.
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Even without differential training (Figure 2d) the accu-
racy of colour memory is striking. After training to the
orange reward colour T versus green, birds disregarded
colours Y3 and R3 or Sa and Sb (Figure 2c,e), colours that
for human experimenters are virtually indistinguishable
from T (and, unlike the birds, the human experimenters
were primed to make the necessary fine judgement). The
chicks may also differ from humans in their fidelity to
colour of a given saturation (Figure 2f). In visual displays,
humans prefer renditions of natural images with exagger-
ated saturation (or chroma), even perceiving them as being
more natural ([8]; see also [4,5]).
If our findings apply to avian sexual displays as well as to
food, we can suggest how these complex patterns could be
viewed by other birds [1]. Specific colours could convey
specific information about the bearer, whereas overall
pattern attracts attention. Work on sexual selection does
indeed suggest that yellow or red carotenoid colours are
accurate signals of the bearer’s health, or quality, in the
otherwise diverse displays of fish and birds [3,9]. Like
sexual displays, the warning patterns of distasteful animals
are often high contrast — for example often containing
black and a bright colour. This could be explained if a
high contrast produces supernormal responses for aversive
as well as for attractive stimuli. Once a color is associated
with an unpleasant food, individuals bearing a higher con-
trast pattern would be avoided more avidly than familiar
distasteful models [5].
Materials and methods
Stimulus design
Stimuli were paper cones (length 25 mm, diameter 7.5 mm) whose out-
sides were printed by Epson StylusPro inkjet with 2 mm × 6 mm rectan-
gular tiles. The tiling was a random pattern of coloured (~30% of the
tiles) and grey (~70%) elements. In Experiments 1 and 2, tile intensities
had a uniform distribution of contrast range 0.3 (Figure 2a). (Con-
trast = [Imax — Imin] / [Imax + Imin]). Stimuli for Experiment 3 are described in
Figure 3a. All work was conducted under quartz halogen illumination on
the white floor of a training arena (0.3 × 0.35 m; intensity 700 cd m–2).
Colours were selected for use as experimental stimuli by their loci in a
receptor space defined by estimated responses of chicken short (S),
medium (M) and long (L) wavelength sensitive photoreceptors
(Figures 1 and 2b,c) [6,7]. Loci were given by estimates of quantal
absorptions of the S, M and L cones (Figure 1) scaled to unity for the
mean grey tile (A; Figure 2b,c) [10], called s, m and l, respectively. The
grey was by definition achromatic. Colour loci are plotted in the unit
plane, that is, s + m + l = 1. The location of a stimulus is given by the
intersect with this plane of a line connecting the locus of the stimulus in
the three-dimensional l,m,s space with the origin. Stimuli differing only
in intensity share a common locus.
To prevent colours being discriminated by intensity cues, luminance
noise was added to the stimuli, making such cues unreliable
(Figure 2a). It was also desirable (though not essential) to have equal
mean luminances for coloured and grey tiles. Unfortunately, the spec-
tral sensitivities of avian luminance mechanisms are unknown, but as
evidence suggests that double cones (Figure 1) serve luminance [11]
rather than colour [10] vision, mean intensities of coloured and achro-
matic tiles were selected to be equal for these cones.
Training procedure
Subjects were 8–10 day old chicks (male, ISA Brown) maintained in
standard conditions and deprived of food for 2 h before training or
testing. Birds were housed, trained and tested in pairs. In training, eight
stimuli were placed around the arena. For Experiment 1, all stimuli con-
tained a reward of chick crumbs; for Experiments 2 and 3, one stimulus
colour was rewarded and the other unrewarded. Training stimuli were
refilled every 90 sec (birds frequently encountered empty positive
stimuli), and a training session comprised six such refills. The initial test
followed two or three training sessions and a break of at least 2 h. In
tests, choices of familiar and novel patterns (but fresh stimuli) were
scored as the number of pecks on each pattern in a 2 min period. We
did not count repeat pecks at a stimulus without an intervening search,
or the copying of a partner. Choices by the members of a pair were
combined, with four or five replicate pairs used for each experiment.
The similarity of responses of different pairs in a given test was con-
firmed by a χ2 test for homogeneity and data pooled.
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Figure 3
Experiment on pattern contrast. (a) Stimuli used in Experiment 3. The
grey tiles took one (contrast 0) or two (contrast 0.3 or 0.8) intensity
values. Coloured tiles had a fixed intensity at the mean level of the
greys. (b) Choice frequencies showing a preference for high contrast
(0.8) over the training stimulus (contrast 0.3). In tests, birds chose
between rewarded and unrewarded training colours, and between
stimuli of the training colour but of higher or lower contrast (a). The
experiment was repeated with two different rewarded colours
(Figure 2c), either T (solid line) or Y1 (dotted line). Data are for the first
test only, with four pairs of chicks used in each experiment. Other
details are as for Figure 2d–f.
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